The iodine intake level of the population is of major importance for the occurrence of thyroid disorders in an area. The aim of the present study was to evaluate the importance of drinking water iodine content for the known regional differences in iodine intake in Denmark and for the iodine content of infant formulas.
Introduction
In previous comparative epidemiological studies it has been found that the population iodine intake is of major importance for the occurrence of thyroid disorders in an area (1, 2) . A relatively low iodine intake was accompanied by a high incidence of toxic multinodular goitre and a high prevalence of subclinical hyperthyroidism in elderly subjects. In a high iodine intake area the incidence of Graves' disease was high in the young and the middle aged, and subclinical hypothyroidism was common in the elderly.
The aim of the present study was to obtain more knowledge of the factors determining the population iodine intake. In Denmark several studies have demonstrated a higher iodine intake level in the eastern part of the country including Copenhagen compared with Jutland in the western part of the country (3, 4) . Despite considerable alterations in transport of food this difference has been rather stable over many years (4) . We therefore investigated the importance of differences in tap water iodine content for the known geographical variation in iodine intake. Practically all tap water used in Denmark is ground water, which is used for all purposes including drinking and preparation of food without restrictions. We also studied the importance of iodine in water for the iodine intake of infants fed infant formulas. It has been shown that many infant formulas are relatively low in iodine content (5) .
Materials and methods
Tap water was collected in iodine-free plastic containers in laboratories at 55 different locations in Denmark. The samples were taken by laboratory staff and kept at ¹20 ЊC until analysis. Two samples were collected at each location with an interval of two months. In addition one sample was collected on the island of Laesø. To investigate day-to-day variations iodine was measured in samples collected on 10 consecutive days in Aalborg with low iodine content and Skagen with high iodine content of tap water. For comparison iodine was measured in samples of sea water collected at the east and the west coasts of North Jutland. The stability of iodine in water during preparation of coffee and tea was studied using water from the site with the highest iodine content of water. Coffee was prepared on a Melitta 161 coffee machine using brown standard Melitta filters and vacuum packed coffee from Merrild, Denmark. Tea was prepared by a short boiling of the water followed by incubation of one tea bag in 200 ml water for 3.5 min.
The tea was either Earl Grey or camomile tea. All procedures were performed in triplicate. Twenty-two infant formulas from eight manufacturers were investigated. Four preparations were liquid ready for use, while eighteen were dry preparations. Demineralized water was added for the final preparation according to the manufacturers' instructions.
Iodine was measured by the method of Wilson and van Zyl (6) as previously described (7) . The principle is alkaline incineration of the sample followed by measurement of iodine by the Ceri/As method. Using a 2 ml sample the limit of detection was 1.0 mg/l. The recovery of added iodine was >95%. All samples were measured in duplicate. For calculation of average iodine content samples measured to contain <1.0 mg/l were arbitrarily given a value of 0.5 mg/l.
Statistical evaluation of correlation and calculation of linear regression between tap water iodine content and previously published urinary iodine excretion values (Pearson), and comparison of median values (MannWhitney test) were performed using the Med Stat statistical program (Astra, Albertslund, Denmark).
Results
Considerable regional differences were found in iodine content of the tap water. In general the iodine content was low in Jutland (4.1 mg/l (3.1-6.3) median, 95% confidence of median) with higher values on Sealand (23 mg/l (10.4-26.6)) (P < 0.01 vs Jutland) and other islands. The median of all samples was 7.5 mg/l (95% confidence 4.7-14.0). The iodine values found at different sites were very similar when measured in two samples collected at two-month intervals: sample 2 as a percentage of sample 1: median 100.0% (25-75% interval 80.7-117.4%). The day-to-day variation measured at two sites on 10 consecutive days varied little (Aalborg: 4.2-6.7 mg/l, median 5.6 mg/l; Skagen: 138-151 mg/l, median 144 mg/l).
Preparation of coffee or tea using water from the site with the highest iodine content did not reduce the iodine content (water 146 Ϯ 2, coffee 157 Ϯ 1, Earl Grey tea 154 Ϯ 2, camomile tea 157 Ϯ 2 mg/l (means Ϯ S.D., n = 3)). Figure 1 shows the iodine values in tap water at the different locations investigated (range < 1.0 to 139 mg/l) as well as the values of iodine in coastal sea water from Kattegat and Skagerak.
In 41 of the locations where iodine was measured in tap water, values of urinary iodine excretion collected by Munkner around 1967 (3, 4) were available. Figure 2 depicts the correlation between the present tap water iodine contents and the 24-h urinary iodine excretion measured approximately 30 years ago in young males. A statistically significant correlation was found (P < 0.001, r = 0.68) with the linear regression y = 1.7x + 43.2.
The iodine content of the eighteen formulas prepared by addition of demineralized water was 37-138 mg/l (median 57 mg/l) ( Table 1 ). In many preparations the values measured were quite different from the declared iodine content (Table 1) . Dependent on the source of Danish water used to reconstitute the dry formulas, the final iodine content would vary from a median of 57 mg/l to a median of approximately 200 mg/l. For comparison, iodine was also measured in four liquid infant formulas ready for use. The concentration varied from 34 to 69 mg/l.
Discussion
In Denmark Munkner collected 24-h urine samples from 4580 high school boys around 1967 (3). Iodine measurements disclosed mild to moderate iodine deficiency with the lowest values in Jutland (49 mg/ 24 h) and the highest on Sealand (74 mg/24 h). Since then eating habits have changed and locally produced food represents a smaller part of the food intake. Despite this the east/west difference in urinary iodine excretion is nearly unchanged (4). A possible explanation for this might be that tap water used for drinking and food preparation contains different amounts of iodine.
Generally, water has not been considered an important source of iodine intake in Denmark.
The present study demonstrates that the iodine content of ground water varies widely and that the iodine content of water correlates to the known iodine excretion values of an area. To obtain an idea of the magnitude of the contribution of water iodine to the daily iodine intake in various regions we calculated the linear regression between the present water iodine content and the regional iodine excretion values from the previous national survey. The calculated regression corresponded to a basic urinary iodine excretion in Denmark of 43 mg/24 h if the water contained no iodine. Values above this level corresponded to an average daily intake of 1.7 l water. Surveys of food intake in Denmark have shown that the amount of water consumed per day in coffee and tea or as drinking water by the average adult Dane is around 1.4 l (8) . To this has to be added water used in food etc. Naturally it is to be expected that differences in water iodine content might also influence the iodine content of local dairy products and vegetables grown in a greenhouse. Even if the values calculated are hypothetical and based on data obtained after an interval of nearly 30 years they suggest an important role of water iodine in iodine intake in parts of Denmark.
Preparation of coffee or tea using water with a high iodine content did not reduce the iodine concentration. It was slightly higher in the final preparation probably caused by a combination of release of iodine from the beans and blades and evaporation of water during preparation. Information of the iodine content of water in different countries can be found in a number of publications. Vivanco et al. (9) studied the relationship between iodine in drinking water and the prevalence of goitre in Spain. The iodine content ranged from below 1 mg/l to 20 mg/l. A highly significant correlation was found between iodine in water and the prevalence rate of goitre, with an increase in the frequency of goitre when water iodine content was below 10 mg/l. In another study from Spain iodine in drinking water ranged from 3 to 22 mg/l (10). In a low iodine intake area of Turkey the iodine level of drinking water was reported to be 3 mg/l (11). In a study from Venezuela highly variable results were obtained ranging from < 1 to 100 mg/l (12). In Thessaloniki, Greece, the tap water iodine content was 6-12 mg/l (13). In 21 cities in Finland the drinking water iodine content varied between 0.4 and 9.1 mg/l (14) and in South Baden (south-west Germany) drinking water iodine content ranging from 0.2 to 21 mg/l has been described (15) . Hence the variation from < 1 to 139 mg/l found in a relatively small area in the present study is more excessive than previously reported.
A study from Tanzania described the appearance of goitre in two villages after a shift in water supply from river water containing 28 mg/l iodine to underground well water containing 3-4 mg/l iodine (16) . A study from Australia found seasonal fluctuations in iodine content of the water supply (3-10 mg/l) correlating to fluctuations in goitre frequency. The variations were possibly due to dilution of water reservoirs with melted snow at spring time (17) .
Iodine in drinking water has been used as an indicator of the 'iodine state' of an area (18) . Obviously iodine in drinking water may also be a major direct source of iodine intake, which may determine regional variations in iodine intake levels. The present study has demonstrated this in Denmark. At the high end of the spectrum is a report from central China where excessive iodine intake leading to endemic goiter was caused by a water iodine content of 462 mg/l (19) .
A consequence of the differences observed is that the final iodine content of infant formulas prepared using tap water may vary widely dependent on the source of water. In Denmark the iodine content of the final preparation might be much less or it might follow the latest recommended iodine content of 200 mg/l (20) . Changes in water supply as well as changes in water purification procedures may be of importance for the population iodine intake level -and hence for the occurrence of thyroid disorders.
